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ABSTRACT 
 
The owners of Scheuber Farms, a 1,000 acre row crop farming operation located in 
Patterson, California, wish to convert a 15-acre field into an almond orchard.  For 
irrigating the trees, they would like to use a microsprayer irrigation system.  The design I 
recommend and describe in this paper utilizes proper hydraulic analysis, and is based on 
the ability to supply enough water to match the amount of water required by the orchard 
during the peak month of an average year.   
 
All of the major components and parameters of the microsprayer irrigation system were 
designed at minimal cost while ensuring that they worked efficiently and properly.  These 
components and parameters included the emitters and hoses, the manifold pipe size, the 
pressure regulator’s settings, the sub-main and mainline sizing, the filter type and sizing, 
and the pump sizing. 
 
The goal of the project was to maximize the efficiency of the system while minimizing 
the cost. The final estimated cost was approximately $1,900 per acre. 
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DISCLAIMER STATEMENT 
 
 
The university makes it clear that the information forwarded herewith is a project 
resulting from a class assignment and has been graded and accepted only as a fulfillment 
of a course requirement. Acceptance by the university does not imply technical accuracy 
or reliability. Any use of the information in this report is made by the user(s) at his/her 
own risk, which may include catastrophic failure of the device or infringement of patent 
or copyright laws. 
 
Therefore, the recipient and/or user of the information contained in this report agrees to 
indemnify, defend and save harmless the State, its officers, agents and employees from 
any and all claims and losses accruing or resulting to any person, firm, or corporation 
who may be injured or damaged as a result of the use of this report. 
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INTRODUCTION 
 
 
Background 
 
For the last twenty-five years, Scheuber Farms has primarily grown row crops.  During a 
typical year, they will produce corn, alfalfa, oats, wheat, beans, and (occasionally) 
tomatoes and melons.  These crops are irrigated using either furrow or border strip 
irrigation.  The farm would like to begin transitioning some of its acreage from these 
ground crops to trees.  As a component of the transition in terms of the types of crops 
grown, the farm management also plans on changing the way the farm is irrigated.  The 
first field in which they plan to implement these alterations is a lot on which the home of 
one of the owners is located.  Their current plan is to plant an almond orchard irrigated 
using a microsprayer irrigation system.  Scheuber Farms has asked for a feasible design 
for the irrigation system, one that takes into consideration the important factors of the 
shortening supply and cost of water in California.  Higher efficiencies and uniformity can 
be achieved using such a system, in comparison to furrow or border strip irrigation.  The 
resulting potentially higher yields would be extremely beneficial to the grower.  A 
microsprayer irrigation system for Scheuber Farms could decrease the total water used by 
the farm and potentially increase its yields.  An image of the field is shown in Figure 1 
below. 
 
 
Figure 1: Field Chosen for Microsprayer Design 
 
Objectives 
 
The objectives for this design endeavor are as follows: 
1) Design a system capable of maintaining a system distribution uniformity of at least 
0.93. 
2) Minimize friction loss and design for a maximum water velocity of less than 5 feet per 
second. 
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3) Incorporate adequate filtering to prevent plugging of the emitters and erosion of the 
nozzle orifice. 
4) Supply sufficient water to match the peak monthly evapotranspiration of an average 
year. 
5) Maximize reliability and minimize cost in terms of the initial installation. 
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LITERATURE REVIEW 
 
 
Evapotranspiration 
 
Evapotranspiration (ET) is the process by which water evaporates from soil and plant 
surfaces and transpires from plants.  The design of the irrigation system will be based 
largely upon the known ET of almonds in the area.  Most drip applications contribute 
little or no stress to the plant, meaning that transpiration is always at a maximum; 
additionally, the frequent applications of water ensure that the ground and plant surfaces 
are almost always moist, resulting in more evaporation loss than with other types of 
irrigation.  The combination of this transpiration and evaporation contributes to the 
increase in ET.  It is often suggested that for design purposes, ET should be increased up 
to 15% over standard ET rates (Burt and Styles, 2007).  Using the Irrigation Training and 
Research Center’s (ITRC) published ET rates for an almond orchard over an average year 
in the area, during a peak monthly ET in July, micro irrigation results in a peak monthly 
total of approximately 7.3 inches.  This data also gives an annual total ET of 42.7 inches 
(ITRC 1997).   
 
Soils 
 
One of the major considerations when designing a micro irrigation system is to determine 
what peak evapotranspiration rate the system should be designed to handle.  According to 
Burt and Styles (2007), the peak monthly or weekly ET could come from either an 
average year or a hotter than average year, depending largely upon the soil type.  In a 
loam or heavy textured soil with a minimum of 60% of the soil volume wetted by 
emitters, it is standard practice to design the irrigation system using the ET rate from a 
normal year.  The soil’s water-holding capacity will provide enough water to act as a 
buffer during uncommonly warm periods.  However, in situations with lower water-
holding capacity, the flow rates may need to be 10-15% higher.  These types of situations 
can occur when there are shallow soils or root zones, a small percentage of wetted area, 
or sandy or rocky loam soils.  According to the Natural Resource Conservation Service 
(NRCS), the soil in the area of interest is 99% Vernalis clay loam.  Such soils are 
typically well-drained, with over 80 inches of soil until any restrictive feature or water 
table is reached.  The capacity for the most limiting layer of soil to transmit water is 
moderately high at 0.20 to 0.60 in/hr.  The soil in the area also has a high available water 
holding capacity of 10 inches (Web Soil Survey 2010).  This data is vital to the accurate 
and proper design of the irrigation system. 
 
Salts 
 
One problem that can occur with micro irrigation systems is salt levels building up in the 
soil around the area wetted by each emitter.  The soil/salt concentration is determined by 
using distilled water added to a soil sample.  The solution is tested and the salt level is 
found from the electric conductivity of the solution.  Theoretically, the salts will be 
leached out of the root zone in the areas that are wetted by the emitters, and should be 
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concentrated around the edges of the wetted region.  If these salt concentrations are in the 
root zone, it could have potentially harmful effects on crop yields. This could cause as 
much as a 19.0% decrease in yield per unit of salinity beyond the threshold.  The 
threshold for almonds is typically around 1.6 dS/m (Burt and Styles 2007).  The NRCS 
data regarding the soil in the field described the soil as being nonsaline, or having a 
maximum salinity of between 0 and 2 dS/m (Web Soil Survey 2010).  This indicates that 
there should not be a salt issue with almonds grown in such a soil type. 
 
Filters 
 
Media Filters.  As opposed to screen filters, these types trap sediment and potentially 
harmful particles throughout their entire volumes, not just on the surface.  The main body 
of the filter consists of sand as the filtering media, on top of a thin layer of gravel with an 
under drain designed to deliver a consistent backflush.  A typical parallel setup is shown 
in Figure 2, below.   
 
 
Figure 2: Parallel Fresno Valves and Casting Sand Media Filters 
 
 
Crushed granite or silica, correctly sized, is often used as a porous media.  The sizes of 
these particles are very important.  If they are too large, they will not filter adequately to 
prevent clogging; if they are too small, they will require unnecessarily frequent 
backflushing.  This design will utilize crushed silica as the primary filtering media.  All 
crushed media wear with each backflush, and eventually get rounder and smaller with 
time.  Therefore, the crushed silica must be replaced periodically.  
 
 A filter’s effectiveness is directly related to its ability to remove particles of a certain 
size.  This effectiveness can be decreased by increasing the flow rate through the filter 
(Burt and Styles 2007).  Media filters are very efficient at removing large amounts of 
small or organic matter from irrigation water.  If there are heavy amounts of sand the 
filter is removing, the media needs to have a higher density than the sand, as during 
backflushing, the particles that are smaller and have a lighter specific gravity will be 
removed from the system.  Sand is not expected to be a major issue, so standard crushed 
silica should be sufficient.  Appropriate backflushing is required to maintain the 
effectiveness of the filters.  The backflush flow rate needs to be large enough to lift the 
media bed and cause the individual particles to separate from each other; otherwise, the 
particles trapped in the filter will remain in the filter. 
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A study by Burt (2010) evaluated several commercial sand media filters.  All of the filters 
evaluated did a good job of removing contaminants from the water, with the major 
difference between filters being in their ability to flush the contaminants out of the media.  
The report determined the relative importance of some of the data gathered from the 
several brands of filters they tested.  Of the filters tested, the Flow Guard and the 
Waterman had the highest and best ratings.  However, the report indicates that each of the 
filters performed well in specific areas, with the choice of filter being situational.  The 
study also demonstrated that a uniform backflush is more important than backflushing at 
high pressure.  Based on their ability to clean the water effectively and upon the flow 
rates of the system, media filters would likely be the most suitable primary filters used. 
 
Tubular Screen Filters.  Unlike media filters, screen filters are not recommended for the 
removal of organic material.  Water flows into one side of the filter into a tube screen and 
out the other side.  The tube filters any contaminants out of the water, and can be cleaned 
using many methods. One such method is to open the back of the filter and allow the 
water to pass straight through the tube screen, washing any contaminants out with it.  
These filters are better suited for handling very fine sand or large pieces of inorganic 
material.  This makes them very well suited for use as a secondary filter after the water 
has been run through media filters (Burt and Styles 2007).  However, in well 
applications, such filters are often sufficient for use as the primary filter.  This design will 
incorporate a tubular screen filter downstream of the primary media filter.  If there is a 
catastrophic failure of the media filter, the media could be washed into the system, 
potentially clogging hoses and emitters and could result in the whole system needing to 
be replaced.  The tubular screen filter ensures that if sand or other particles make it past 
the media filter, they aren’t introduced to the rest of the system.  Figure 3, below, shows a 
typical tubular screen filter. 
 
 
Figure 3: Screen Filter from Fresno Valves and Casting 
 
Disc Filters.  Disc filters operate using a series of metal discs coated with epoxy.  The 
water flows through the disks and any particles in the water are collected in the grooves 
of the discs.  The operation is similar to that of a deep tubular screen filter.  Backflushing 
is also similar, in that water flows in a reverse direction through discs, cleaning out any 
wedged material.  However, such filters must sometimes be cleaned with a hose.  Disc 
filters have one clear benefit; they will handle excessively high backflush flow rates 
better than media filters.  Since there is no media in disc filters, there is no chance of 
media being flushed out during backflushing.  Figure 4, on the following page, depicts a 
disc filter.  These types are often used for small flow rates (less than 25 GPM), as the dirt 
holding capacity is much larger than that of tubular screen filters, and media filters are 
expensive at low flow rates (Burt and Styles 2007).  These flow rates are much lower 
than what will be used in this design, and would, therefore, not be considered the most 
suitable filter for this system. 
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Figure 4: Disc Filter Example 
 
Standards 
 
Using standards ensures that a design is based on tested and proven information.  It 
prevents the designer from having to guess what the appropriate application or location of 
a feature is.  The standards used in this book are all taken from various works published 
by the Cal Poly ITRC.  The design procedures followed were those outlined by Burt and 
Styles (2007), and incorporated many of the construction standards suggested.  Air vents 
and pressure relief valves were sized and located using data and equations developed by 
Burt (1995).  Because there are not very many standards regarding the specific materials 
that should be used, these had to be chosen based on the specific requirements and 
characteristics of this system.   
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PROCEDURES AND METHODS 
 
 
Design Procedures 
 
The design procedures followed for this system were outlined by Burt and Styles (2007).  
These procedures were followed at all points, with the exception of the selection of the 
number of manifolds per field. 
 
Determination of Peak ET Rate.  As stated earlier, the peak ET rate will be based on 
the hottest month of an average year. For almonds in the Patterson area, the peak ET 
occurred during July and was 7.28 in 31 days.  This results in a daily peak ET rate of 0.23 
in/day.  The system must be designed to provide enough water to the field to replace this 
amount. 
 
Estimate Required Flow Rate per Tree.  The required gallons per minute per tree 
(GPM/tree) was determined by the evapotranspiration rate, the tree spacing area, and the 
number of hours the field will be irrigated per week.  This is solved for using the 
equation: 
 
GPM/tree (net) = (inches of water applied x tree spacing area)/ (96.3 x hours)           (1) 
 
Due to the limitations in delivery from the irrigation district, as well as from other 
farmers using the same irrigation outlet, the farmer can only irrigate 48 hours per week.  
A tree spacing of 21 ft by 18 ft results in a tree area of 378 sq ft.  When these variables 
are used, the following equation is established:  
 
GPM/tree (net) = (0.23 in/day x 7 days/week x 378 sq ft)/ (96.3 x 48 hours/week)    (2) 
 
The resulting net flow rate per tree is 0.134 GPM/tree or 8.07 GPH/tree.  This equation, 
however, does not account for distribution uniformity (DU).  The gross flow rate per tree 
can be calculated based on the net flow rate per tree, the DU, and the spray losses, by 
using the following equation:   
 
GPH/tree (gross) =GPH (net)/ [(1-spray losses) xDU]                        (3) 
 
For this problem, it was assumed that spray losses would be negligible because of the low 
average winds in the area.  A DU of 0.80 was used for the calculation, so that when the 
system deteriorates, it will still provide enough water to prevent under-irrigation.  The 
equation ends up looking like the following: 
 
GPH/tree (gross) =8.07 GPH/tree / [(1-0) x0.80]                        (4) 
 
Solving this equation results in a GPH/tree (gross) of 10.08 in.  This is the number that 
will be used later for design purposes. 
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Estimate the Number of Microsprayers Needed per Tree.  It is most common to 
design for a wetted soil volume of 60% or higher, assuming that a 60% wetted area will 
result in a 60% wetted volume.  60% of the 378 sq ft of tree area gives a wetted area of 
226.8 sq ft.  Although a spray diameter of 17.0 ft is required to cover 226.8 sq ft, some of 
this water will move laterally, thereby decreasing the area that the microsprayer needs to 
cover.  Table 1, below, shows some typical numbers for the lateral movement in various 
types of soil. 
 
Table 1: Lateral Movement of Water in Various Soils (Burt and Styles 2007) 
Soil Type   Additional Lateral Movement (ft) 
Coarse Sand   0.1 - 0.4 
Fine Sand   0.2 - 0.7 
Loam   0.7 - 1.1 
Heavy Clay   1 - 1.5 
 
It was assumed that for this loam soil there would be 0.9 ft of lateral movement, resulting 
in a decreased microsprayer diameter of 1.8 feet.  A spray diameter of 15.2 ft will cover 
the required minimum wetted area.  The radius of throw for a #40 nozzle will be adequate 
for most pressure/pattern selections; therefore, only one microsprayer per tree is required. 
 
Select the Proper Microsprayer and Number of Sets.  All microsprayer performance 
curves are different and the coefficient (k) will change slightly as the pressure and flow 
increase for each nozzle.  In order to approximate the appropriate nozzle needed, an 
average for each nozzle needs to be calculated using the equation: 
 
GPH=kP^.5                                                                      (5) 
 
This can be rearranged to determine the coefficient when the flow rate and pressure are 
already known: 
 
k=GPH/ (P^.5)                                                                  (6) 
 
Where GPH is the flow rate and P is the pressure at the orifice.  Table 2, on the following 
page, shows several flow rate and pressure combinations, and the resulting coefficient for 
several Bowsmith nozzles. 
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Table 2: Average k Values for Different Bowsmith Nozzles 
Nozzle Q(GPH) P(psi) k 
40 7.5 10 2.37 
 40 10.75 20 2.40 
 40 13.25 30 2.42 
 40 15.25 40 2.41 
Avg     2.40 
 45 10 10 3.16 
 45 14 20 3.13 
 45 17.5 30 3.20 
 45 20 40 3.16 
Avg     3.16 
50 12 10 3.79 
 50 17 20 3.80 
 50 20.5 30 3.74 
 50 23.5 40 3.72 
Avg     3.76 
55 14.5 10 4.59 
 55 20.5 20 4.58 
 55 25 30 4.56 
 55 29 40 4.59 
Avg     4.58 
 
The flow rate per tree found earlier assumes that all trees are irrigated simultaneously.  If 
there were multiple groups of trees being irrigated, the flow rates would need to increase 
depending upon the number of groups.  Table 3, below, shows the required flow rates and 
the associated pressures required, using the k values determined earlier. 
 
Table 3: Required Pressure (psi) for Various Orifice Sizes 
# of sets 
Needed GPH/ 
microsprayer #40 #45 #50 #55 
1 10.08 17.6 10.2 7.2 4.8 
2 20.16 70.5 40.7 28.7 19.4 
3 30.25 158.6 91.5 64.6 43.6 
 
One set is selected because the pressure is reasonable for this type of system.  Typically, 
the pressure should be between 12 and 20 psi.  A #40 nozzle is large enough that 
plugging will be minimized if filtration and maintenance are good.  Additionally, the 
flow rate is not excessive, meaning that reasonable hose sizes and lengths can be used, 
and higher flow rates could cause runoff problems. 
 
The field is designed for one set of trees to be irrigated at a time.  However, how long 
management will run the set is not dictated.  There is adequate wetted area per tree that 
the set does not need to be irrigated every day.  The soil also has a high enough available 
water-holding capacity that 5-6 days between irrigations would be sufficient. 
 
Locate the Position of the Manifolds.  In order to minimize cost, the pressure regulation 
strategy does not allow for individual pressure regulators at the start of each hose or 
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pressure compensating emitters.  There will be an allowable pressure difference along the 
manifold to maintain a system DU of at least 0.93.  The allowable single hose DU and 
manifold DU are the two components that make up the system DU, and can be expressed 
in the equation: 
 
Minimum allowable system DU=Manifold DU x Single Hose DU             (7) 
 
The new system DU must be at least 0.93; therefore the DU of a single hose must be 
considerably better.  
 
Before the location of the manifolds can be determined, the number of manifolds must be 
chosen.  In this case, the maximum field length is 945 ft.  Recommendations by Burt and 
Styles (2007) indicate that two manifolds should be used. The geometry of the fields, 
however, does not easily allow for the use of 2 manifolds.  The relative complexity of the 
field size means that one manifold per field with longer hose lengths would be a better 
choice.  Since the maximum length of each field is the same, this length is used to locate 
the manifold locations in each of the fields.  
 
The actual location of the manifolds was determined using the manifold placement 
program designed by Burt and Styles (2007).  This program takes inputs from the user 
and runs a range of iterations, placing the manifold at different locations until the uphill 
and downhill pressures are equal.  It calculates the pressure required at the inlet by taking 
the overall flow needed, the hose inside diameter, the slope of the ground, and the flow 
rate out of each microsprayer, inserting different inlet pressures until the average flow is 
equal to the user’s desired flow rate per emitter.  The specific inputs are included in Table 
8 in Appendix B.  The results from several runs of this program (one for each of the hose  
inside diameters listed) are shown in Table 4, below. 
 
Table 4: Result of Manifold Placement Program from Burt and Styles (2007) 
Hose ID 
(in.) 
Uphill 
Length (ft) 
Downhill 
length (ft) Inlet P (psi) DUlq 
Min. Allow Manifold 
DU 
Inlet Q 
(GPM) 
0.73 444.2 500.8 23.5 0.93 1.00 7.7 
0.81 434.7 510.3 22.2 0.94 0.99 7.7 
1.05 359.1 585.9 20.7 0.96 0.97 7.7 
1.36 132.3 812.7 20.1 0.96 0.97 7.7 
 
From the table above, it appears that the best location and hose size would be the 1.05 in. 
inside diameter hose located 359.1 ft from the east side of the fields.  This would locate 
the manifold between the 17th and 18th row of trees.  This size and location provide the 
highest DU low quarter of any of the hose diameters and, therefore, the lowest required 
manifold DU to maintain a system DU of 0.93.  Also, this diameter is less than the 1.36 
in. hose, thereby reducing the price without diminishing performance. 
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Allowable Manifold Change in Pressure.  The allowable change in pressure along the 
manifold, as mentioned earlier, is a function of the DU of the system and the hoses.   The 
equation listed earlier can be rearranged to say: 
 
Allowable change in Manifold Pressure = 2x [Pave-Pave x (DU sys/DU hose) ^1.5]  (8) 
 
In this case, Pave=17.6 psi, the DU sys=0.93, and the DU hose=0.96.  This results in an 
allowable change in pressure equaling 2.17 psi. 
 
Manifold Sizing.  The sizing of the manifolds was based on reducing the costs of the 
pipe material, but more importantly keeping the change in pressure under the 2.17 psi 
previously calculated.  The spreadsheets used to determine the pipe sizes on the north 
field are shown in Table 10-Table 12 in Appendix B and on the south field in Table 13 in 
Appendix B.  It is important to note that the average pressures for each field differ.  The 
north field will have a constant pressure required at each hose; whereas the south field 
requires that the pressure at each hose be decreased once the manifold begins to angle 
along the field.  The average pressure on the south field was determined using the hose 
inlet pressure program created by Burt and Styles (2007).  The data calculated is 
summarized in Table 9 in Appendix B.  The pipe sizes for the last several hoses on the 
south field could be 1.5” instead of 2”; however, it is common practice to keep the 
minimum pipe size at least half the size of the largest pipe size, thereby avoiding 
excessively large velocities during flushing of the manifold and possible water hammer 
problems.  The pipe sizes and manifold location are shown in Figure 5, below. 
 
 
Figure 5: Manifold Location and Sizes 
 
Mainline Sizing.  The mainline sizing will be based on the critical path.  In this case, 
because the only manifolds are located at the same location on the mainline, the critical 
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path is the mainline to the manifolds.  Also, the critical pressure will be the higher of the 
two manifold inlet pressures, 22.4 psi to the south field.   
 
Size and Determine the Pressure Losses Through the Critical Path.  Using 22.4 psi as 
the starting point at the manifolds, the single sub-main and mainline are sized, 
determining the pressure difference from elevation change and friction at each point in 
Figure 6, below. 
 
 
Figure 6: Points of Interest on Sub-main and Mainline 
 
The calculations to determine the best pipe size are shown in Table 5, below. 
 
Table 5: Mainline and Sub-main Sizing 
 Point u/s seg Q Length Nominal ID 
Hf for 
sec. 
∆ 
Elev ∆ P Velocity 
Segment Psi GPM (ft) Dia (in.) (in.) (ft) (ft) psi fps 
d/s End   0               
B 22.40 277.8 365 6 6.301 1.53 1.46 0.03 2.86 
A 22.43 277.8 70 6 6.301 0.29 0.07 0.16 2.86 
u/s A 22.60         
 
For both the mainline and the sub-main, 6” PVC was chosen because the friction 
generated by this pipe size was not excessive, and it kept the flow rate at less than 5 fps.  
Anything greater than 5 fps and the possibility of developing water hammer and 
damaging the system becomes increasingly likely. 
 
Filtration Required.  Filters are often designed to remove all particles larger than 1/7th 
of the microsprayer orifice diameter.  Therefore, for an orifice diameter of 0.04 in. or 
1.016 mm, the filter must be able to at least filter particles of 0.0057 in. or 0.14 mm.  An 
equivalent mesh size of 120 will be sufficient to remove particles of at least this size.  
According to the Fresno Valves and Casting specifications, #12 crushed silica will 
provide the appropriate equivalent mesh size for this system. 
 
The filter was chosen based on the number of tanks and the total flow rate through these 
tanks.  Two specific model numbers of tank assemblies would work for this system, 
manufactured by Fresno Valves and Casting.  One is an assembly with two 36” diameter 
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tanks; the other has three 30” diameter tanks.  The three 30” tank design is a better 
option, because if one of the tanks is backflushing, the other tanks will need to be able to 
handle not only the flow that the backflushing tank was responsible for, but also the 
increased flow rate required to backflush.  With a two-tank system, it is not uncommon 
for one tank to be unable to efficiently handle this increased load, causing the system to 
suffer.  In systems with more than two tanks, this is a less-likely problem. 
 
Recommendations from Burt and Styles (2007) suggest that flow rates of up to 25 
GPM/sq ft of filter area can be used.  In this case, three 30” tanks provide a filtration area 
of 14.7 sq ft.  When compared to the system flow rate of 278 GPM, this results in a flow 
rate of 18.9 GPM/sq ft, well below the suggested maximum.  During backflushing, the 
flow rate will increase to accommodate the flow rate required to backflush one of the 
tanks.  The maximum flow rate suggested during backflushing is near 36 GPM/sq ft.  
This flow rate will need to be passed through two tanks instead of three.  The filtration 
area of two 30” tanks is 9.8 sq ft.  If a backflush flow rate of 80 GPM is assumed, a total 
of 358 GPM is developed.  This results in a flow rate of 36.5 GPM/ sq ft through the two 
media filters, which is only slightly higher than the suggested maximum and would not 
justify buying a larger filtration system. 
 
Total Dynamic Head (TDH) Required of the Pump.  TDH, in this case, will be 
estimated from the pressure found upstream of point A, the pressure loss through the 
media filter when dirty, the pressure loss through the emergency screen, an estimate of 
the minor losses, and the pump inlet pressure.  This calculation is shown in Table 6, 
below. 
 
Table 6: TDH Calculation 
Pressure @ u/s pt of seg A1= 22.6 psi 
+ media filter loss when dirty= 7 psi 
+ emergency screen loss= 0.5 psi 
+ minor losses=  6 psi 
- pump inlet pressure= 0.9 psi 
  
TDH= 35.2 psi 
   81.4 ft 
 
Pressure Regulation Strategy.  There will be one pressure regulator at the head of each 
manifold.  The head of the hose dictates what the pressure in the manifold should be.  If 
the pressure regulator is set based on the pressure immediately downstream of the 
regulator, the pressure must be back calculated from the first hose, through all the 
fittings, and back to this location.  This is extremely difficult to estimate and is often 
imprecise.  Instead, the pressure regulator should be adjusted until the pressure at the 
head of the first hose on each field equals 20.7 psi.  This will ensure that the pressure 
regulator will be set to the designed pressures without needing to approximate minor 
losses between the manifold and the hoses. 
 
A pressure-sustaining valve will also be installed downstream of the media filters.  The 
function of a pressure-sustaining valve is to maintain a minimum pressure upstream of 
itself, which is important during backflushing of the media filters.  Often, the pump will 
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not be able to supply the pressure required to backflush the system and accommodate the 
required increase in flow rate.  The pressure-sustaining valve ensures that there is always 
enough pressure to backflush the filters.  The valve was sized to 3” because this size 
regulator was designed to handle the flow rate better than a 4” or 5” valve could. 
 
Air Vent Size and Locations.  Air will always get into the system, and if it is not 
removed, it can reduce the flow through pipes or block the flow completely.  It is for this 
reason that air vents are so important in an irrigation system.  Two types of air vents will 
be used, large orifice, non-continuous air vents (LAV) and continuous air vents (CAV).  
LAVs are primarily used to discharge large amounts of air while the system is building 
up pressure, and to prevent vacuums from forming.  Once the lines are pressurized, the 
LAVs are no longer effective; air could still enter the system, however.  For this reason, 
CAVs are used throughout a system, so as to remove small amounts of air at a constant 
rate. 
 
Using the guidelines outlined by Burt (1995), LAVs should be located after each of the 
valves on the manifolds, and before the valves, because the pipe must come out of the 
ground and will drain, therefore creating a vacuum when the system is shut off.  There 
should also be one LAV 20’ upstream from the end of the manifolds.  One should also be 
located at the start of the system; however, the media filter package already has an LAV, 
CAV, and pressure relief valve (PRV).  
 
The two LAVs 20’ upstream from the end of the manifolds would require the smallest 
diameter available.  The 4 LAVs before and after the valves on the manifolds would 
require at least 2” orifice diameters. This was determined from the tables in Burt (1995).   
 
According to Burt (1995), the CAVs would be need to be located a distance downstream 
of any air entrainment points, as determined by the equation: 
 
L=0.15xVxD                                                           (9) 
 
where L is the distance downstream of fittings or air entraining points in feet, V is the 
velocity of water in the pipeline, fps and D is the inside diameter of the pipeline, in.  The 
velocity for the 3” line is 4 fps, and 3.8 fps for the 4” line.  This results in a location for 
the valves of a minimum distance downstream of 2 ft for the north field and 2.4 ft for the 
south field.  There should also be a valve at the beginning of the system after the pump, 
but, as mentioned earlier, this already exists on the media filter. 
 
The minimum orifice size for the CAVs is dictated by the equation: 
 
CAV orifice diameter (in) = k x GPM^.05                            (10) 
 
where k is equal to 0.011212xP^-0.4515 (Burt 1995) and P is the pressure in psi.  The 3” 
line has a pressure of 21.4 psi and the 4” line has a pressure of 22.4 psi.  This results in a 
K value of 0.00281 on the 3” line and 0.00275 on the 4” line.  When these values are 
plugged into the previous equation, it is apparent that the CAV on the north field would 
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need to have an orifice size of at least 0.029 inches, and the south field would need an 
orifice size of at least 0.036 inches. 
 
 
Pressure Relief Valve Size and Locations.  Pressure relief valves are on-line valves that 
open once the pressure in the system reaches a certain level.  These valves are important 
for irrigation systems, because if a valve is closed quickly while a system is in operation, 
water hammer could develop, cracking pipes or fittings.  In this system, the key locations 
for pressure relief valves are at the ends of the manifolds.  A valve could also be located 
at the beginning of the system, but, as stated earlier, the filtration system already has a 
pressure relief valve. 
 
Sizing the pressure relief valves is a fairly complicated procedure, and is typically 
determined by the system’s allowable surge pressure and how much the flow rate 
changes as a result of this surge in pressure.  In both cases in this system, the flow rates 
are so small that the smallest diameter sold by Waterman is sufficient for remaining 
below the recommended 15 fps through the pressure relief valve.  Pressure relief valves 
of 2” will be used at the ends of the field, with a cracking pressure of 30 psi.  This 
pressure is high enough that the valve will not open and close regularly during normal 
operation, but will still crack with the pressure rating of the pipe. 
 
Manifold to Hose Connection.  There are many ways by which to connect the manifold 
to the hoses.  This design assumes that a PVC saddle will be used on top of the manifold 
with 1” PVC extending to the surface.  From there, the hoses will be connected using a 1” 
tee to the 1” PVC pipe.  An illustration of this connection is shown in Figure 7, below. 
 
 
Figure 7: Manifold to Hose Connection 
 
Equipment Selection 
 
Emitter and Hose Selection.  There are many quality manufacturers of microsprayers 
and no one specific choice would be wrong.  In this case, a Bowsmith #40 Fan Jet with a 
full spray pattern (pattern F) and a standard barb connection, J stake, and 72” 
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polyethylene (PE) spaghetti tube was chosen.  The 72” PE tube was selected to allow the 
emitter to be tied into the hose ¼ of the distance between the trees, thereby ensuring that 
when the tree is young and the roots have not yet grown out, the emitter can be located 
immediately next to the growing tree with some type of cap on the emitter to apply water 
directly to the tree.  Once the tree has grown sufficiently large, the emitter can be moved 
directly between the two trees.  This concept is illustrated in Figure 8, below.  A 72” tube 
allows sufficient room for this to be possible. 
 
Bowsmith hosing was used in the design of this system.  As determined earlier, an inside 
hose diameter of 1.05 inches was appropriate for maintaining a high DU and minimizing 
cost.  Bowsmith does not use recycled PE in their hose manufacturing process, so no 
chance of weak spots or contaminants in the hose exists.  The size designation of the 
selected hose is 1195P72, where the first four numbers are the outside diameter, the p 
denotes PE, and the last two numbers are the wall thickness. 
 
Figure 8: Microsprayer Emitter Locations 
 
Filter Selection.  Again, there are many agricultural system filter manufacturers; 
however, it appears that media filters seem to perform best in terms of filtering small 
particles efficiently.  Under drain design has a lot to do with the performance of these 
media filters.  An undersized or improperly designed under drain will not create equal 
flow and pressure through the sand during back wash and may be ineffective at 
efficiently cleaning the tank.  This would severely hinder the performance of the filter.  
According to Burt (2010), the Flow Guard produced by Fresno Valves and Casting 
appears to have a well designed under drain that distributes flow evenly.  Also, some of 
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the company’s systems include the necessary air vents, butterfly valves, and pressure 
relief valves, making them a logical choice as a supplier for the filters.  As mentioned 
earlier, three 30” tanks were chosen as the main filtering system for the design. 
 
Another important issue for consideration is what would happen if the tanks were to fail.  
If the under drain were to fail and sand escaped into the system, it would quickly ruin a 
large part of the system, requiring much of it to be replaced.  To prevent this from 
occurring, a back-up emergency filter will be installed downstream of the media tanks.  
This filter would only be needed in the event of some catastrophic failure in the media 
tanks.  In this case, a 6” SBS Basket Strainer from Fresno Valves and Casting was 
chosen. 
 
Flow Meter Selection.  Flow meter selection was based on achieving high accuracy and 
minimizing cost.  In this design, both ultrasonic and magnetic meters were considered.  
While every flow meter is different and there are exceptions, many magnetic meters are 
more accurate than ultrasonic meters are.  For this specific meter size, the price variance 
was too minor to factor into the decision.  The meter that was selected is a 6” Siemens 
Mag 5100w tube, with a local transmitter on the tube.  Siemens has been a reliable 
company in the past and many of their meters have been run in relatively harsh 
conditions for years without need of repair or maintenance.  The obvious quality of the 
product makes this flow meter a sound choice. 
 
Pump Selection.  As was the case with other components, there are many high quality 
pump manufacturers to choose from.  Ultimately, Gould was selected because of their 
wide range of high quality pumps and their pump selection software.  As opposed to 
asking the shopper to flip through catalogs of pumps looking for one that meets the 
requirements of the system, Gould uses software allowing the user to input a point, or 
series of points, to find all pumps that match these points.  From there, the user can select 
the pump that best fits the design.  The pump was chosen for this project using the 
calculated TDH of 35.2 psi and flow rate of 278 gpm.  The selected pump was a Gould 
3655 size 2.5x2.5-6 pump with a 10 hp motor.  This pump will be able to supply the 
required flow rate and TDH at 75%, the highest efficient of any of the Gould pumps. 
Although this efficient seems fairly low, it is difficult to find small pumps like this that 
operate at a higher efficiency. 
 
Cost Analysis 
 
Prices for the cost analysis of the pipe, fittings, and valves were provided by Irrigation 
Design Company (IDC). The prices for the filtration systems were provided by Fresno 
Valves and Casting. The price of the flow meter was provided by Branum Instruments. 
The prices for the hose and emitter assemblies were provided by Bowsmith.  One of the 
initial objectives was to minimize the cost of installing the system.  Scheuber Farms 
agreed to supply the trenching and installation labor, so that could be omitted in the cost 
analysis. Power is already available at the site from a previous system, so there was no 
additional cost for supplying power to the site.  A summary of the costs of each element, 
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the estimated quantity of each element, and the total costs both for that element and for 
the system as a whole are shown in Table 16 in Appendix B.   
 
Based on IDC designs of orchards in the area, this design is more expensive, as the small 
size of the field made it difficult to reduce the cost.  The actual cost per acre ended up 
being approximately $1,900 per acre.  The major expense is the filters.  Media filters, due 
to their relative complexity and the time and materials required to build them, can be very 
expensive.  Although it would have been less expensive to go with another form of 
filtration, such as screen filters, screen filters would probably not perform nearly as well 
as the media filters will.  There is a trade-off between initial costs and the cost of 
maintenance and system performance.  While the screen filters would decrease the 
installation cost dramatically, they would need to be cleaned frequently. If they require 
cleaning during an irrigation, the irrigation must stop until they are cleaned.  They could 
also lead to plugging of emitters, causing a decrease in DU.  This is a case where the 
increased initial cost will save money over the long term. 
 
Other significant sources of increased cost are the drip hose and the emitter assemblies.  
Although other companies could produce the same parts for less money Bowsmith checks 
all of its parts for quality and backs them up with a seven-year warranty.  Although they 
may be more expensive to install, the benefit of having parts that will not wear down and 
need to be replaced as often will be to save a great deal of money in the future.  Also, 
with lower quality parts, the manufacturing process may not be as good; different 
emitters could have varying flow rates at the same pressure, drastically affecting DU.  
This is another example of how increased parts costs are offset by future savings. 
 
Similarly, the flow meter was expensive and technologically advanced.  Magnetic meters 
are very accurate, but can also be fairly expensive.  While the cost compared to an 
ultrasonic meter was not vastly different, it may have been more economical to use a 
propeller flow meter.  The cost would likely have been much less, but propeller meters 
have certain inherent flaws.  They can be much less accurate than magnetic and 
ultrasonic meters.  In order to provide accurate readings, they must have fairly smooth 
flow through the meter, which requires large sections of straight pipe both upstream and 
downstream of the meter.  In an area where space is limited, this can be very difficult to 
arrange.  Magnetic flow meters need very little straight sections of pipe and can be 
extremely accurate even in turbulent flows.  Propeller meters also obstruct flow and 
increase friction loss in the pipe, whereas magnetic meters have little to no added friction 
loss.  Ultimately, this is not a pivotal component of the system, so if the grower wishes to 
decrease the installation cost by using a propeller meter instead, it would not alter the 
system performance significantly. 
 
The various pressure relief and air vents also can add up, increasing the installation costs 
significantly.  As mentioned earlier, these features are used to protect the system. 
Although the initial costs may be higher when these are included, the short-term costs are 
much less expensive than the long-term costs of having to replace entire sections of line 
as a result of pressure causing failure in the PVC or connections.  Also, air entrained in 
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the system may restrict flow and prevent the system from working properly, so these 
vents are especially necessary to ensure that the system will actually function. 
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RESULTS 
 
 
The microsprayer irrigation system for the 15-acre field owned by Scheuber Farms was 
designed.  The field is to be irrigated in one set and the system specs propose one 
manifold on the north side of the field and one on the south side of the field.  The system 
will utilize #40 nozzle size microsprayers with a full spray pattern.  The manifolds are 
sized to minimize pressure difference along the manifold.  A pressure regulator will 
maintain a pressure of 21.4 psi on the north field and 22.4 psi on the south field.  Pipe 
sizes on the sub-main and mainline were sized to minimize friction losses while also 
minimizing pipe costs.  Using the overall flow rate and a back calculation of what the 
required TDH would be, the pump was sized so as to have the greatest efficiency 
possible.  The filtration system was sized based on the overall flow rate.  A summary of 
these components is shown in Table 16 in Appendix C. 
 
The total cost of the system was estimated at approximately $28,800, or approximately 
$1,900 per acre.  A summary of the major design components is shown in Table 7, below. 
 
Table 7: Summary of Major Design Component Costs 
Mod. No. 330 media filter Fresno 
Valves and Casting 1 unit 11360 $/unit $11,360 
6" SBS basket strainer Fresno 
Valves and Casting 1 unit 2400 $/unit $2,400 
Siemens Mag 5100 6" flow meter 
and transmitter 1 unit 3125 $/unit $3,125 
1195P72 Bowsmith drip hose 35000 ft 44 $/500ft $3,049 
8521 72" PE #40 Fan Jet pattern F 
standard barb J stake Bowsmith 1654 unit 1 $/assembly $2,316 
Gould 3655 size 2.5 x 2.5 - 6 pump 
and motor 1 unit 1835 $/unit $1,835 
misc pipe, connection, AV, 
regulator costs         $4,761 
Total         $28,845.41 
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DISCUSSION 
 
 
One of the particularly difficult aspects of the system design was how exactly to lay out 
the manifolds.  The field is large enough that multiple manifolds per field could have 
been used, but it would not have made much practical sense to run multiple parallel 
manifolds, because of the geometry of the fields.  The most practical design was to run 
one manifold and use hoses longer than those suggested by Burt and Styles (2007) on the 
north field, with the manifold angle to the west, while following the field outline on the 
south field.  The design appears to have had good results, as a DU of at least 0.93 was 
established without an overly large increase in the pressure required to supply the hoses. 
 
Another difficulty was the actual selection of specific manufacturers and parts for the 
major design components.  Many different companies and part types were explored, with 
the decisions made on the basis of the quality of the products that the companies were 
able to provide.  My personal experience with many of these companies has led me to 
believe that their products are well-crafted and reliable.  The salespeople working at the 
companies that were used are extremely helpful in terms of addressing any difficulties a 
user may encounter.  Although sometimes parts from these companies may be more 
expensive than those of their competitors, the initial extra cost is more than made up for 
by their ease of use and superior quality.  The system could have been designed just as 
easily using less expensive and less reliable parts, but more money would have been 
spent later in replacing parts and maintenance. 
 
This specific design has no expandability.  It was designed specifically for this soil; this 
field shape, size, and slope; and this crop in this specific area.  Almost all of the variables 
in the design are specific to this field, so it would be impractical and unwise to attempt to 
use this design on another field.  These types of systems have so many unique parts that 
are so completely dependent on where they are being installed that each one needs to be 
designed independently.  Although some designers seem to reuse pump and filter 
arrangements regardless of the field or usage, this may not result in the best designs for 
each field, and the performance of the systems could suffer.   
 
In this specific field, Scheuber Farms currently utilizes border strip and furrow irrigation 
on crops such as oats and corn.  The cost to implement the irrigation systems on these 
fields is next to nothing; they are all gravity fed and often use dirt ditches to transport the 
water.  However, they do not have any tail-water return systems, so much of the excess 
water that runs off of the field is allowed to flow into drainage pipes.  The microsprayer 
system allows Scheuber Farms to have a permanent irrigation system that does not need 
to be torn down and removed between irrigations and between crops.  It will also 
minimize the amount of water they use that is simply wasted, to improve DU, as was true 
of the runoff water mentioned earlier.  Also, with the high DU that this system is capable 
of, it is likely that this almond orchard could see very large yields, assuming proper 
management in other regards.  The decreased soil moisture depletion between irrigations 
will result in reduced crop stress and could stimulate tree and nut growth to a greater 
degree than would be achievable with other surface irrigation methods.  Although this 
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irrigation system is relatively expensive, if Scheuber Farms were to utilize this design, it 
would likely be a great benefit to the company in the future. 
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RECOMMENDATIONS 
 
 
Major improvements to this project would include decreasing the cost of the system, 
especially the filters and flow meter. 
 
As mentioned early, the magnetic meter is more expensive than other meters, but also has 
the potential for greater accuracy.  If a long, straight section of pipe were implemented in 
the design, a propeller meter would be much cheaper.  In the current design, however, 
there was no convenient location for the installation of a propeller meter that would 
ensure it would provide accurate readings.  Additionally, the cost of the system would 
decrease significantly if another type of filter was used.  The current system will likely 
need to process a large amount of organic matter, so tubular screen filters would be 
relatively inefficient.  If a pre-screening system was designed and incorporated, it might 
be possible to use a less expensive screen filter instead of the sand media filter. 
 
With a project of this size, it is difficult to make recommendations regarding future work.  
One addition that could be made would be to expand the project to include another 6-acre 
field on the west side of the south field.  This field is currently an older pistachio orchard, 
and Scheuber Farms has discussed potentially acquiring this orchard at some point and 
integrating it into this designed system.  If this were to become a future project, a larger 
pump, filter, and possibly a larger mainline would need to be designed.  New manifold 
and hose locations for the new field would also be required.   
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Major Design Experience 
 
The project must incorporate a major design experience.  Design is the process of 
devising a system, component, or process to meet specific needs.  The design process 
typically includes the following fundamental elements.  This project addresses these 
issues as follows. 
 
Establishment of Objectives and Criteria. Project objectives and criteria are 
established to meet the needs and expectations of Scheuber Farms. See Design 
Parameters and Constraints below for specific objectives and criteria for the project. 
 
Synthesis and Analysis.  The project incorporated soil and ET analysis, friction and flow 
rate calculations, and will consider several micro irrigation options. 
 
Construction, Testing, and Evaluation.  This is a design project; no construction took 
place. 
 
Incorporation of Applicable Engineering Standards.  The project will utilize ASAE 
standards for the design and installation of micro irrigation systems. 
 
Capstone Design Experience 
 
The engineering design project must be based on the knowledge and skills acquired in 
earlier coursework (Major, Support and/or GE courses).  This project incorporates 
knowledge/ skills from these key courses: 
129 Lab Skills/Safety, 133 Engineering Graphics, 151 AutoCAD, 236 Principles of 
Irrigation, 239 Engineering Surveying, 312 Hydraulics, 331 Irrigation Theory, 414 
Irrigation Engineering, Soil Science, and Technical Writing. 
 
Design Parameters and Constraints 
 
This project addresses a significant number of the categories and constraints listed below. 
 
Physical.  The size of the field is set; however, the spacing of the trees has not yet been 
determined.   
 
Economic.  It must minimize the installation costs as much as possible without reducing 
reliability.  There is no constraint on operational costs. 
 
Environmental.  If this system is designed and used properly, there will be little to no 
runoff. This lack of runoff means that less water filled with salts and chemicals returns to 
the rivers. 
 
Sustainability.  The project has the potential to increase the yields for the orchard with 
the same amount of water used as surface irrigation. 
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Manufacturability.  N/A (This design will be specifically for this field). 
 
Health and Safety.  The project will recommend following safe installation guidelines. 
 
Ethical.  The ease of use of such a system could reduce the need for irrigators, thus 
forcing them out of jobs. 
 
Social.  N/A 
 
Political.  The reasons mentioned above regarding decreased water runoff. 
 
Aesthetic.  N/A 
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Table 8: Hose Program Inputs 
length of hose= 945 ft (uphill and downhill length) 
water temp= 70 deg F  
spacing= 252 in 
nominal flow rate= 12 gph 
desired flow rate= 10.08 gph 
P @ nominal Q= 10 psi 
n= 2 when mature, each tree will be supplied from both sides 
slope= 0.40%  
discharge exponent= 0.5  
extra hose length= 2.50% for snaking (temperature expansion and contraction) 
emitter cv= 0.025  
Spaghetti hose loss at 6 ft of length and 10.08 gph=2 psi 
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Table 9: Average Pressure of South Field Hose Inlets 
row trees P Q L 
# # PSI GPM FT 
1 9 19.9 1.51 168 
2 10 19.9 1.68 189 
3 12 19.9 2.01 231 
4 13 19.9 2.18 252 
5 14 19.9 2.35 273 
6 15 19.9 2.52 294 
7 16 20 2.69 315 
8 17 20 2.86 336 
9 19 20.1 3.19 378 
10 20 20.1 3.36 399 
11 21 20.1 3.53 420 
12 22 20.2 3.70 441 
13 23 20.2 3.86 462 
14 25 20.4 4.20 504 
15 26 20.4 4.37 525 
16 27 20.5 4.54 546 
17 28 20.6 4.70 567 
18 29 20.7 4.87 588 
19 31 20.7 5.21 630 
20 32 20.7 5.38 651 
21 33 20.7 5.54 672 
22 34 20.7 5.71 693 
23 35 20.7 5.88 714 
24 37 20.7 6.22 756 
25 38 20.7 6.38 777 
26 39 20.7 6.55 798 
27 40 20.7 6.72 819 
28 41 20.7 6.89 840 
29 42 20.7 7.06 861 
30 44 20.7 7.39 903 
31 45 20.7 7.56 924 
32 45 20.7 7.56 924 
33 45 20.7 7.56 924 
34 45 20.7 7.56 924 
35 45 20.7 7.56 924 
    20.4     
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Table 10: Inputs for Manifold Sizing North Field 
Length of Manifold (ft): 310  
Lateral Spacing (ft): 18  
Slope % (+ is down from inlet): 0.1%  
Avg. Emitter Pressure (psi): 17.6  
System DU: 0.93  
Hose DU (from hose prgrm): 0.96  
Emitter Exponent 0.5  
Elevation at d/s end (ft) 100 (a relative value) 
Lateral Flow (gpm) varies  
Starting P for d/s end 20.3 psi 
Number of outlets (computed) 17.2  
 
 
 
 
 
 
Table 11: Hydraulic Computations North Field 
Point Elevation 
Point 
P 
Point 
Q 
u/s 
Segment 
Nom 
Dia 
Pipe 
ID C Value Hf rate Segment Segment Elev P u/s P 
  (ft) (psi) (GPM) Q (GPM) (in) (in) 
for H-W 
equation (psi/100') 
Length 
(ft) Hf (psi) (psi) (psi) (psi) 
0    0.0         20.29 
1 100.0 20.3 7.56 7.6 1.5 1.72 145 0.14 18 0.02 -0.008 0.02 20.31 
2 100.0 20.3 7.56 15.1 1.5 1.72 145 0.49 18 0.09 -0.008 0.08 20.39 
3 100.0 20.4 7.56 22.7 2 2.193 146 0.32 18 0.06 -0.008 0.05 20.44 
4 100.1 20.4 7.56 30.2 2 2.193 146 0.54 18 0.10 -0.008 0.09 20.53 
5 100.1 20.5 7.56 37.8 3 3.284 148 0.11 18 0.02 -0.008 0.01 20.54 
6 100.1 20.5 7.56 45.4 3 3.284 148 0.16 18 0.03 -0.008 0.02 20.56 
7 100.1 20.6 7.56 52.9 3 3.284 148 0.21 18 0.04 -0.008 0.03 20.59 
8 100.1 20.6 7.56 60.5 3 3.284 148 0.26 18 0.05 -0.008 0.04 20.63 
9 100.1 20.6 7.56 68.0 3 3.284 148 0.33 18 0.06 -0.008 0.05 20.68 
10 100.2 20.7 4.87 72.9 3 3.284 148 0.37 18 0.07 -0.008 0.06 20.74 
11 100.2 20.7 4.87 77.8 3 3.284 148 0.42 18 0.08 -0.008 0.07 20.81 
12 100.2 20.8 4.87 82.7 3 3.284 148 0.47 18 0.08 -0.008 0.08 20.88 
13 100.2 20.9 4.87 87.5 3 3.284 148 0.52 18 0.09 -0.008 0.09 20.97 
14 100.2 21.0 4.87 92.4 3 3.284 148 0.58 18 0.10 -0.008 0.10 21.07 
15 100.3 21.1 4.87 97.3 3 3.284 148 0.64 18 0.11 -0.008 0.11 21.17 
16 100.3 21.2 4.87 102.1 3 3.284 148 0.70 18 0.13 -0.008 0.12 21.29 
17 100.3 21.3 4.87 107.0 3 3.284 148 0.76 18 0.14 -0.008 0.13 21.42 
Inlet 100.3 21.4            
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Table 12: Pressure Calculations from Computations Table North Field 
Allowable P Chng: 2.2 psi 
Actual P Change: 1.1 psi 
Max. P 21.4 psi 
Min. P  20.3 psi 
    
Desired Avg. P 20.7 psi 
Actual Avg. P 20.7 psi 
 
 
 
 
 
 
Table 13: Inputs for Manifold Sizing South Field 
Length of Manifold (ft): 635  
Lateral Spacing (ft): 18  
Slope % (+ is down from inlet): 0.1%  
Avg. Emitter Pressure (psi): 17.6  
System DU: 0.93  
Hose DU (from hose prgrm): 0.96  
Emitter Exponent 0.5  
Elevation at d/s end (ft) 100 (a relative value) 
Lateral Flow (gpm) varies  
Starting P for d/s end 20.2 psi 
Number of outlets (computed) 35.3  
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Table 14: Hydraulic Computations South Field 
Point Elevation 
Point 
P 
Point 
Q 
u/s 
Segment 
Nom 
Dia 
Pipe 
ID C Value Hf rate Segment Segment Elev P u/s P 
  (ft) (psi) (GPM) Q (GPM) (in) (in) 
for H-W 
equation (psi/100') 
Length 
(ft) Hf (psi) (psi) (psi) (psi) 
0    0.0         20.22 
1 100.0 20.2 1.51 1.5 2 2.193 146 0.00 30.7 0.00 -0.013 -0.01 20.21 
2 100.0 20.2 1.68 3.2 2 2.193 146 0.01 30.7 0.00 -0.013 -0.01 20.20 
3 100.1 20.2 2.01 5.2 2 2.193 146 0.02 30.7 0.01 -0.013 -0.01 20.19 
4 100.1 20.2 2.18 7.4 2 2.193 146 0.04 30.7 0.01 -0.013 0.00 20.19 
5 100.1 20.2 2.352 9.7 2 2.193 146 0.07 30.7 0.02 -0.013 0.01 20.20 
6 100.2 20.2 2.52 12.3 2 2.193 146 0.10 30.7 0.03 -0.013 0.02 20.21 
7 100.2 20.2 2.688 14.9 2 2.193 146 0.15 30.7 0.04 -0.013 0.03 20.24 
8 100.2 20.2 2.856 17.8 2 2.193 146 0.20 30.7 0.06 -0.013 0.05 20.29 
9 100.2 20.3 3.192 21.0 2 2.193 146 0.27 30.7 0.08 -0.013 0.07 20.36 
10 100.3 20.4 3.36 24.3 2 2.193 146 0.36 30.7 0.11 -0.013 0.10 20.46 
11 100.3 20.5 3.528 27.9 2 2.193 146 0.46 30.7 0.14 -0.013 0.13 20.59 
12 100.3 20.6 3.696 31.6 2 2.193 146 0.58 30.7 0.18 -0.013 0.17 20.75 
13 100.4 20.8 3.864 35.4 2 2.193 146 0.72 30.7 0.22 -0.013 0.21 20.96 
14 100.4 21.0 4.2 39.6 3 3.284 148 0.12 30.7 0.04 -0.013 0.02 20.99 
15 100.4 21.0 4.368 44.0 3 3.284 148 0.15 30.7 0.05 -0.013 0.03 21.02 
16 100.5 21.0 4.536 48.5 3 3.284 148 0.18 30.7 0.05 -0.013 0.04 21.06 
17 100.5 21.1 4.704 53.2 3 3.284 148 0.21 30.7 0.06 -0.013 0.05 21.11 
18 100.5 21.1 4.872 58.1 3 3.284 148 0.25 18 0.04 -0.008 0.04 21.15 
19 100.5 21.1 5.208 63.3 3 3.284 148 0.29 18 0.05 -0.008 0.04 21.19 
20 100.6 21.2 5.376 68.7 3 3.284 148 0.34 18 0.06 -0.008 0.05 21.24 
21 100.6 21.2 5.544 74.2 3 3.284 148 0.39 18 0.07 -0.008 0.06 21.31 
22 100.6 21.3 5.712 80.0 3 3.284 148 0.44 18 0.08 -0.008 0.07 21.38 
23 100.6 21.4 5.88 85.8 3 3.284 148 0.51 18 0.09 -0.008 0.08 21.46 
24 100.6 21.5 6.216 92.1 3 3.284 148 0.58 18 0.10 -0.008 0.10 21.56 
25 100.6 21.6 6.384 98.4 3 3.284 148 0.65 18 0.12 -0.008 0.11 21.67 
26 100.7 21.7 6.552 105.0 3 3.284 148 0.74 18 0.13 -0.008 0.12 21.79 
27 100.7 21.8 6.72 111.7 3 3.284 148 0.82 18 0.15 -0.008 0.14 21.93 
28 100.7 21.9 6.888 118.6 4 4.28 149 0.25 18 0.05 -0.008 0.04 21.97 
29 100.7 22.0 7.056 125.7 4 4.28 149 0.28 18 0.05 -0.008 0.04 22.01 
30 100.7 22.0 7.392 133.0 4 4.28 149 0.31 18 0.06 -0.008 0.05 22.06 
31 100.8 22.1 7.56 140.6 4 4.28 149 0.34 18 0.06 -0.008 0.05 22.11 
32 100.8 22.1 7.56 148.2 4 4.28 149 0.38 18 0.07 -0.008 0.06 22.17 
33 100.8 22.2 7.56 155.7 4 4.28 149 0.41 18 0.07 -0.008 0.07 22.24 
34 100.8 22.2 7.56 163.3 4 4.28 149 0.45 18 0.08 -0.008 0.07 22.31 
35 100.8 22.3 7.56 170.8 4 4.28 149 0.49 18 0.09 -0.008 0.08 22.40 
Inlet 100.8 22.4            
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Table 15: Pressure Calculations from Computation Table South Field 
Allowable P Chng: 2.2 psi 
Actual P Change: 0.7 psi 
Max. P 20.9 psi 
Min. P 20.2 psi 
    
Desired Avg. P 20.4 psi 
Actual Avg. P 20.4 psi 
 
 
 
 
 
Table 16: Summary of Costs 
ITEM AMT UNIT COST UNIT TOTAL   
              
1.5" class 125 pvc 50 ft 0.25 $/ft  $      12.50  IDC 
1.5" 90 deg elbow 6 unit 1.15 $/unit  $        6.90  IDC 
1.5" ball valve 1 unit 7.68 $/unit  $        7.68  IDC 
1.5" saddle 
connections 11 unit 0.59 $/unit  $        6.49  IDC 
2" class 125 pvc 418 ft 0.39 $/ft  $     163.02  IDC 
2" 90 deg elbow 6 unit 2.20 $/unit  $      13.20  IDC 
2" saddle 
connections 7 unit 0.59 $/unit  $        4.13  IDC 
2" ball valve 1 unit 11.44 $/unit  $      11.44  IDC 
3" class 100 pvc 535 ft 0.59 $/ft  $     315.65  IDC 
3" saddle 
connections 27 unit 0.59 $/unit  $      15.93  IDC 
3" 90 deg elbow 4 unit 4.60 $/unit  $      18.40  IDC 
3" ball valve 1 unit 31.80 $/unit  $      31.80  IDC 
3" 126 deg elbow 1 unit 5.00 $/unit  $        5.00  IDC 
4" class 100 pvc 159 ft 1.14 $/ft  $     181.26  IDC 
4" saddle 
connections 7 unit 0.59 $/unit  $        4.13  IDC 
4" 90 deg elbow 4 unit 8.26 $/unit  $      33.04  IDC 
4" ball valve 1 unit 68.00 $/unit  $      68.00  IDC 
6" class 100 pvc 435 ft 2.12 $/ft  $     922.20  IDC 
6" 90 deg elbow 5 unit 34.75 $/unit  $     173.75  IDC 
6" butterfly valve 1 unit 250.00 $/unit  $     250.00  IDC 
1" class 200 pvc 143 ft 0.19 $/ft  $      27.17  IDC 
Mod. No. 330 media 
filter Fresno Valves 
and Casting 1 unit 11360.00 $/unit  $11,360.00  
Fresno 
Valves and 
Casting 
   outlet manifold             
   inlet manifold             
   PVC groove  
adapter 
            
   groove coupling             
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   PVC female 
adapter             
   view tube             
   PVC male adapter             
   PVC tee             
   90 deg elbow             
   LAV             
   CAV             
   PRV             
   On/off valve             
   structural support             
6" class 100 pvc to 
3" reducer bushing 3 unit 8.65 $/unit  $      25.95  IDC 
6" SBS basket 
strainer Fresno 
Valves and Casting 1 unit 2400.00 $/unit  $  2,400.00  
Fresno 
Valves and 
Casting 
3" pressure 
regulator 1 unit 420.00 $/unit  $     420.00  IDC 
4" pressure 
regulator 1 unit 555.00 $/unit  $     555.00  IDC 
6" x 6" x 4" Tee 1 unit 41.55 $/unit  $      41.55  IDC 
3" pressure 
sustaining valve 1 unit 430.00 $/unit  $     430.00  IDC 
2" pressure relief 
valve 2 unit 198.00 $/unit  $     396.00  IDC 
2" LAV 6 unit 71.00 $/unit  $     426.00  IDC 
3" CAV 2 unit 83.00 $/unit  $     166.00  IDC 
Gould 3655 size 2.5 
x 2.5 - 6 pump and 
motor 1 unit 1835 $/unit $1,835 
Don Pedro 
Pumps 
   cocentric reducers 2           
   2.5" flange 2           
Siemens Mag 5100 
6" flow meter and 
transmitter 1 unit 3125.00 $/unit  $  3,125.00  
Branum 
Instruments 
   6" flange 2           
1" tee 52 unit 0.56 $/unit  $      29.12  IDC 
1195P72 Bowsmith 
drip hose 35000 ft 43.55 $/500ft  $  3,048.50  Bowsmith 
8521 72" PE #40 
Fan Jet pattern F 
standard barb J 
stake Bowsmith 1654 unit 1.40 $/assembly  $  2,315.60  Bowsmith 
Total          $28,845.41  
 
$/acre          $  1,923.03  
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Figure 9: Field Layout 
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Figure 10: Attached Detail C 
 
